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Getting started
(1)  Badk to the future ((re-historicOMinimalism)

Qin this system] in addition to a list in which each linguistic element (usualy each word)
isassigned to oneor more categories, only asimple rule of aquasi-arithmetical character
need to be given to enable usto @omputeCthe syntactic character of any given linguistic
string ... Themain econony produced by this method lies, therefore, in that it enables us
to dispense completely, at least in prindple, with specia syntactic statements.O

N YehoshuaBar-Hillel, O\ quas arithmetical notation for syntactic description.O
Language?9,1: 47-58 (1953)

[his predecessor: Kasimir Ajdukiewicz, (Die syntaktische KonneitS,OSudia
philosophica 1: 1-27 (1935) his predecessor: Lesniewski ... |

Poor John sleep:

2 @O n S

n
[n] (n)
Poor_John sleeps Poor John_sleeps
(if) . s vy n .
n [n]
Poor_John_sleeps ~
(iii) B B P ** doesn@reduce further **

S

3 Syntactic types distinguish between arguments (e.g. s, n) [the primitive categories], and
fundionsover thos arguments(e.g. s/n, n/n)[thedeived categories].

4) Effects of congituency are a produd of the derivation Bdomnance/condituency relations
are notexplicitly represented (more onthis later).

(5  When combindionisrestricted to Fundion Application, then basic Categorial Grammar
(sometimes called the A(jdukiewicz)B(ar-Hillel) calculus) is context free. 1t easy to
trandate from an applicative categoria grammar to phrase-structure re-writing rules.

BOTTOM UP TOP DOWN
John sleeps S " NP VP
n s\n ! s NP " John

VP " sleeps
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(6)

(7)

(8)

In the AB system, combination is restricted to adjacent expressions-. Bar-Hillel
immediately realized the problems of such arestriction, i.e. natural languayes have
discontinuousdependendes. Hisprindpd exampleis sort of curious though,having to
dowith sentence-level adverbs

Strangdy enough Paul refused to talk. Paul refused to talk, strangdy enough
s/s s s s\s
S S

Paul, strangdy enough refused to talk.
n s/s s\n not “connex”

B-H® solution was basically trangormationd: diftOstrangdy enoughand @epostCit
somewhere else.

Anothe solutionisto enrich thekindsof combinaion. TheLambek calculus (1959
recast the AB calculusas a propostiond logic proof system, and, amongother
innovdions induded atheorem of fundiond compostion (also, Ades & Steedman,
1982) IntheGtrangdy enough@xample, letthes/s & s\n fundionscompose
appropriately, and theresulting fundion combines with the subject under Fundion
Application.

Paul, strangdy enough refused to talk.

S /S S\n FUNCTION COMPOSITION

n S \ n FUNCTION APPLICATION
S

Combinaory Categorial Grammar (Ades & Steedman, 1982; Steedman 1988,1996,
2000)istheprindpd contemporary exponent of enriched combinatory rule schema.
Typelogical approaches continuein thevein of Lambek, viewing syntax as akind of
theorem proving [more on this | ater].

Combinatory Categorial Grammar

Major references: Ades & Sieedman, 1982 Steedman, 1996; Seedman, 200Q
Useful tutorial: Sieedman & Baldridge 2003

! Thisrestrictionis desirable. n-adjacency will still proveinadequae, given theinddinite
distance tha can separate dependendes. If we allow permutation opeations then we lose
configurationdity in general, withoutsignificant condraints on thar application.
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Architecture and form of the grammar

9 Two levels of representation:
PF (induding prosody, & intondiond phrasing)
Conmpostional semantics (LF + discourse Information Structure)

Surface Syntax is a completely trangoarent interface between these levels.
Each syntactic ruleis pared with arule of semantic interpretation.

(10) THE PRINCIPLE OF LEXICAL HEAD GOVERNMENT
Both boundel and unboundd syntactic degpendendes are specified by thelexical
syntactic type of thar head.

i.e.  thegrammar islexicalized;
~ Projection Prindplein GB

(1) THEPRINCIPLE OF HEAD CATEGORICAL UNIQUENESS
A single nondgundive lexical category for the head of a given condruction specifies
both the boundel dependendes that arise when its complements are in canonical postion
and theunboundd dependendes tha arise when those complements are displaced unde
relativization, coordinaion andthelike.

eg. Thedudessregected thedilettante.
Thedilettante that thedudhessreg ected ...
| bdieved thedudhessr e ected and you bdieve she seduced, the
dilettante.

These are all thesame rgject (cf. GPSG, HPSG, TAG)
(120 THE PRINCIPLE OF CATEGORIAL TYPE TRANSPARENCY \

For agiven language the semantic type of theinterpretation
togdher with a nunber of languagespecific directional parameter

settingsuniqudy determines the syntactic category of an There are no opaationsor
expression. categoriestha are entirely

internd to the syntax.
(13) THE PRINCIPLE OF COMBINATORY TYPE TRANSPARENCY

All syntactic combinatory rules are type-trangparent version of one
of asmall numbea of smple semantic opeationsover fundions

FUNCTIONAL APPLICATION

X/Y ¢ £ Y : a [ X : fa
Y : a X\Y: £ [ X : fa




Ex.

(14)

(19

(16)

(17)

(18)

(19
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reject:= (S\NP) /NP

Reject combines with an NP to itsright to give an expression with syntactic type
(S\NP), which can combinewith an NP to its |ft to give an expression with

syntactic types.
Thedudess rejected thedilettante
NP5y : dudhess! (S\NPsg)/NP : "x."y.reject Xy NP: dilettante/

S\NPss: "y.rejectdilettantely <
S:regectdilettantedudhess!

A desideratumfor granmars:
Theinputs and output of all rules of syntax should be condituents.
What counts asa congituent? Tests:

@ therule for conjundion
(b) intruson of parenthetical expressions
(©) ability to enter into trandormations
(d)  certainintonaiond features
(Chomsky, 1955)

Wh-movement and coordinaion: bath unboundd, both share some condraints

both are unbounded
(a) abookwhich | hopel will write, and | fear thatmog people will bum withoutreading
(b) I hopel will write, and | fear thatmos people will bumn withoutreading my book

can® moveor coordinate a non-constituent
(c) *How many mathematiciansdo you think in ten derive alemma?
(d) *Three mathematiciansin ten derive alemma and in a hunded prove completeness.

Coordination has more diverse Gesidues,Othat are not traditiondly condituents.

@ | want to try to write, and hopeto see published, abookabout CCG
(b)  GiveWadlt thesdt, and Macolm thetalcum
(©) | want to try and write a novd, and you, a screenplay

Parentheticals also seem to identify non-condituents

(8  Areyounowor have you ever been,Odemanded Harriet, Gxmember of the
American Automobile Assodation?O
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(b)  Oroucould give,Osoliloquized Harvey, Ga pdiceman aflower.O

And obey similar restrictions
(©) *T hree mathematicians | conjecture, in ten derive alemma
(200 Thesame goesforintonaion.

@ (Theabsent mindead PROFESSOR)(was avidly READING)(aboutthe latest
BIOGRAPHY)(of Marcel PROUST)

(b)  *(Three MATHEMATICIANS)(in ten derive a LEMMA)
(21) Two options
@ accommodée appaent non-condituents with trandormations and/or additiond
levels of representations

(b)  appaent noncondituents are in fact congdituents

(22) Enter some new schemata:

COORDINATION

and:= (X\X)/X

Thedudiess reected and offendad thedilettante
NP  (SNP)/NP  (X\X)/X (SNP)/NP NP
((SNP)/NP)\(S\NP)/NP -
(S\NP)/NP >
S

FUNCTIONAL COMPOSITION (HARMONIC)

X/Y : g Y/Z2 : £ ! X/z2 : g;f
Y\Z : g X\y : £ ! X\z : fqg
Thedudess regected and might offend thedilettante
NP  (S\NP)/NP  (X\X)/X (SNP)/VP  VPINP NP
- might/ : prove!sg
(SINP)/NP
- #x.H#y.might(proveX)y

etc ...
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TYPE RAISING (FORWARD)

X : a ! T/(T\X) : #f.fa

Typeraising alows usto turn arguments into fundionsover fundionsover-such arguments,
permitting arguments to compose with the verbsthat 3eekOthem. For example, it can change
smple NP subjectsinto fundionsover intrangtive verbs

X isrestricted to primitive argument categories, and T to primitive funaors, like verbs (Cf.
case assgnment).

Typeraising & fundiond compostion arethe punch CCG packs. They doall thework in
establishing AlexibleOcondgituents, essentialy by allowing usto rebracket and reorder.

E.g. RightNodeRaising

(23) Thedudess reected and her unde seducd thedilettante.
NPt (SNP)/NP  (X\X)/X NP 1 (S\NP)/NP NP
S/(S\NP) >B S/(S\NP) >B
(SINP) (SNP)
etc.

E.g. Heaw NounPhrase Shit

(24 Thebaon  introducd some very wedlthy friends  to thedilettante
NP ((SNP)/PP)/INP) NP > PPy
(SINP)/PPyq >
S\NP.
S ; introduc/dilettantefriendsbaron/

(25 Thebaon  introducd to thedilettante some very wealthy friends
NP .7 ((S\NP)/PPy)/NP) PPy <7 NP
S/(S\NP) : "X"y"zintroduekxz S\(S/PPy) S\(S/NP)

. #p.p baron/ >B2 . #q.q dilettante! : #r.r friendd
(S/PPy)/NP:___"x"y.introdueXx baron/ <Bx
SINP : "x.introducedilettantex baron/ <

FUNCTIONAL COMPOSITION (DISHARMONIC)

X/Y : g Y\z : £ ! X\z : g,f (Forward)
Y/Z : g X\Y : £ ! X/z2 : fi9 (Backward)
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Syntactic Flora & Fauna
Binding

(26) Q: What happeasto c-command?
A: Replaced by L F-command.

LF-command: anode$ in alogical form %LF-commandsanode&in %if thenode
immediately dominating$ dominaes & and $ does notdomnae &

CoNDITION C:

No nodeexcept theargument in a pro-term may be L F-commanded by itself.
(bound pronoun, reflexive/reciprocal anaphor)

(27) *likes'(y)pro'y
/ \
/\ \
/\ pro'y
likes’ vy

(28) ConDITION A islexicalized.

Himself:= (S\NP,_, )\ {(S\NP,_,) /NP} : #p#y.p(ana'y)y
(Thereisaso alogophorc version).
(290 Thedilettante punished himself.
NPsgm (SNP)/NP (S\NP3sn)\{( S\INPssm)/NP} - #p#y.p(andy)y<
S\NPsgn ; #y.punish@anak)y.
S : punish'(anddilettante’)dil ettante’

(30) Why couldn®we jus Iexicalize the angphorin theopposte direction?
*Himself; punished the dilettante,.

punish'(dilettante’)ana'dilettante’
/ \
/\ \
/\ ana'dilettante
likes’ dilettante'

This LF violates Condition C: dilettante’ is LF-commanded by itself.



(3)

Wha aboutrecongruction effects? .
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. like:

Which picture of himsalf does Johnthink Mary likes the best?

! Presumably thisis handled with thelogophaic version of himself.
Thoughl haven®@foundany discussion.

Control

(32

Like reflexization phenomena, control isalso lexicalized. Note, thisisafrequent strategy

in nontrandormationd modds for bound& phenomenalike control, raising, passive, etc.

Subgct Control

tries:= (S\NP,.)/ (S ins\NP,.)

: #p.#y.try'(p(ana' y)) vy

(33) Thedilettante tries to woo thedudess.
NP5 (S\NP39)/(Sto-in\NP3s) (Sto-inf\NPagr)/NP NP,
(Stoinf\NPag) : #y.woo/duchessh
S\NPs¢: #y.try(woodudess{anal))y-
S try(wooduchess/(anadilettante)))dil ettante’
Object Control

persuade:=

( (S\NPang) / ( Sto—inf\NPagrl) ) /NPagrl :

A' Dependencies

#x . #p.#y.persuade’ (p(ana'x))x y

(34 Thebasic case:
VP/S S/NP>B
VPIS
(35 A few iterations
SS SIS SNPsg
S/NP -5
S/NP
(36) The dilettante who thegosip thought thebaonseduced
NP/N N (N\N)/(SINP) S/S SINP__ -8
>
N\N <

N >

NP
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|dands

(37) Because expressionswith agap have a different typethan expressionswithoutone the
Coordinae Structure Congraintis claimed to follow from the specification of a

coordingor that only joinslike types (asin GPSG/HPSG).

*W hich pod did thedilettante [praise] sweyne but [censure the playwright sie

(38) Discussion of idland effectsis sparser in CCG than GB/Minimalism. Thedesirable case
iswhere theonly rule schema tha would alow theidand can®@beintroducd into the

grammar, without predict ungrammatical expressions
eg. Subgct extraction

39 (@ amanwho [l think that]gs [Dexter likes|gnp
(b) *amanwho [l think that]gs [likes Dexter]snp

By hypohesis, English doesn®have

X/Y Y\z ! X\2Z (Forward Disharmonic Func.

If it did, we should ob=erve scrambling:

(40) *Inp Dexterne [think tha likes Warren)snewe

Of coursg, if we have null complementizer, the sentence is OK:
(4) amanwhol think likes Dexter

One could post Gubject extractingQcategories:

(42)  think: = (VP/NPsanT agr)/(S\NPay)

Comp.)

Thisisaviolation of the Prindple of Head Categorial Uniqueness Bso, a stipulationfor the

theory (thoughany more a stipulation than *tha-t ?)

Scrambling
(43) Turkish
a Ayse kitabi okuyor
Ayse-NOM bookacc read-PROG
b. Kitabi Ayse okuyor
bookAcc Ayse-NOM read-PROG
Q\yse readsthebookO

(44) okuyor:= (S\NP,,)\NP,.



okuyor:

(45 okuyor:
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(S\NP,cc) \NP,c

S { \NPnoml \NPACC}

(46) Kitabi Fatma [Esra®d t; okudugunis biliyor
bookacc Fatma [Esra-GEN read-GER-ACC]  KNOW-PROG
(Asfor thebook Fatma knowsthat Esraread itO

(47)  Kitabi Fatima Esra®dd okudugunu biliyor
NPacc NPyow >T NPgen Sace{ \NPeen' \NPacct < S{\NPyow'\Sacc}
S/(S\NPyoum) SacA\NPacc <B
(S\NPyou)\NPacc_ > Bx
S\NPacc <
S

(480 Some convergences between CCG & Minimalist TG

K K K K

emphasis on monoonic derivations

large degree of lexicalization

no syntactic structure beyondthewha successive applicationsof Merge give you
nointermediate levels of representation (only LF & PF)

(49) Divergencesbetween CCG & Minimalist TG

(50)

therepresentation of binding and movement phenomenaare completely decoupled B
CCG will therefore have difficulty accouning for claims tha movement bleeds
Binding Conditions(i.e. the LeBeaux-Freidin effects, or PrA recondruction cases
from Barss).

Coordingionis more liberal than other phenomena Congder thefollowing contrast
between coordinaion and pseudogagping (discussed in Phillips2003;cf. Levin
1979A1986,Jayaseelan 1990;L asnik 1995)

@ Johntaked to and gossiped aboutthekid who sprayed pant onthecar.
(b)  Johntalked to Helen,and Alicedid ____ *(to) Matthew.

likewise, phases/cyclicity accounts of island effects won®carry over Bthere are no
domainsof rule applicability in CCG bjug cases where there are no appropriate
combinaors

relatedly, maybe monotonicity, in genera, istoo strong(cf. Phillips2003:non
monobnic structure building; mononic addition of c-command statements)
difficult to capture conditiond statements like Gf you have VO order, you have
prepostionK) i.e. there@ nothing like parametersin a CCG system. An answer to
this problem might lie in howthelexiconis organized.
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A little about the Type-L ogical Approadc

(51) TheCCG approach extendsthe AB calculuswith additiond combinaory rules. Lambek
(1958)formalized the AB calculusas away of doing reasoning. Typelogica approaches
(Moortga 1997)add inference rules.

CCG: B/A A
B
L: th|-BIA  t|-A where B/AOtrandatestoA! B
tytz |- B

(520 Thais, if you think aboutsyntax as reasoning with lexical resources, then Mergeisthe
equivalent of ModusPonens

(53)  Recentwork extendsthis perspective to consder feature-driven movement as a species of
Hypothetical Reasoning. See Tom Corndl@ web page, Vermaat (1999, RetorZ &
Stabler (1999 [& Moortga (1997)for an introdudion to typelogical grammar).

Reading:

See http://www.ling.umd.edu/~matt/cg.html for links and downloadable pgpers.
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